ABSTRACT
Fibromyalgia (FM) is a process of chronic and generalized pain, without a recognizable cause, with a duration of more than three months and increased tenderness to palpation with a generalized pain, defined as pain in at least four of five regions (left upper, right upper, left lower, right lower, axial). [1] In addition, FM is characterized by a decrease in pain threshold and symptoms such as sleep disorders, fatigue, rigidity, altered emotional states, depression, anxiety, cognitive dysfunction, irritable bowel syndrome, migraine headaches, and paresthesia (tingling). [2] The prevalence of FM worldwide has been reported as ranging between 0.5 and 5% [3, 4] with higher frequencies among individuals with a family history (i.e., genetic and environmental influence). [5] In Spain, this prevalence is 2.4%, affecting a significantly higher proportion of women (4.2%) than men (0.2%) and adults aged between 40 and 49 years. [6] Fibromyalgia is associated with decreased physical function in patients [7] and, in many cases, altered psychological function such as depression, anxiety or memory disorders. [8] Also, exposure to psychosocial and environmental stressors, along with alterations in the autonomic nervous system and in the neuroendocrine responses, contributes to dysfunctions in pain perception. [9] Jones et al. [7] reported difficulties among female FM patients in performing the tasks associated with physical independence. However, a large number of FM interventional programs has been used as effective treatment modalities. [10] Health status, depressed mood or average pain intensity show significant changes with interventional programs through multimodal programs. [11] Regular physical exercise improves the functional capacity in FM patients. In addition, interventional programs with physical exercises are shown to help with the management of the disease. [12] Most of the studies on physical exercise and interventional programs in FM patients have focused on the aerobic capacity and/or muscular strength. [13] Aerobic exercise produces positive effects on FM patients, [14] while the strength exercise not always influence positively on FM symptoms. [13] Furthermore, FM has a profound impact on the patient life, causing a decline in the quality of life, which negatively affects social and professional functions. [15] Many authors recognize the need of more research on this subject to gain a better understanding of the true physiopathology of FM. [5, 16] However, the constant pressure of the symptoms, typical for FM, changes the patient life habits as the severity and unpredictability of these symptoms make it difficult to adequately carry out work tasks or leisure time activities.
In the present study, we aimed to assess the effects (self-perceived pain, perceived fatigue, aerobic capacity, depressive symptoms and the overall impact of FM) of a standard physical rehabilitation intervention (SPRI) program, in pool-based (SPRI-P) and land-based (SPRI-L) environments, applied to female FM patients with mild-to-moderate symptoms of FM.
PATIENTS AND METHODS

Participants
In this randomized-controlled trial, a total of 181 FM patients were willing to participate on a voluntary basis between September 2016 and September 2017. After explaining the procedure, objectives, and the possible risks and benefits, 90 patients signed an informed consent form. Seventeen patients who did not fulfill the required ratio of attendance stipulated at 90% or else left the program due to personal reasons or a worsening physical state were excluded. Finally, a total of 73 female FM patients (mean age 48.2±6.8 years; range, 30 to 59 years) were included in this study. Figure 1 shows an overview of the patient in the study based on the randomized-control trial flow diagram.
The inclusion criteria were as follows: female sex, aged 30 to 59 years; having an accredited medical certificate with an established diagnosis of FM according to the American College of Rheumatology; [1] [17] and being capable of walking without aid. The exclusion criteria were as follows: having an unstable cardiovascular pathology or any other medical condition to impede physical exercise; having a history of fractures of the upper or lower members during the last three months; having a neuromuscular disease or ingestion of drugs which can affect the neuromuscular function.
Instruments
Semi-structured interview was used to collect socio-demographic, clinical and physical data.
Heart Rate Monitor (Polar RC3, Polar Pharma Inc., Hollola, Finland) was used to measure the heart rate (HR).
Scale and height rod (Tanita SC-330, Tanita Corporation, Tokyo, Japan) were used to measure weight and height of patient from which we calculated Body Mass Index (BMI). [18] Visual Analog Scale (VAS) was used to measure the intensity of self-perceived pain by the patient. [19] This scale is 10 cm in length. One end corresponds to no pain (0), the other to maximum pain (10) . Slight pain is considered to be VAS <3.3, moderate pain VAS 3.3-6.6, severe pain VAS 6.7-9.9, and unbearable pain VAS 10.
Six Minute Walk Test (6MWT) was used to measure the functional respiratory and aerobic capacity. It is the instrument best tolerated by patients, [20, 21] recommended by the American College of Sports Medicine (ACSM): [22] VO2Max.= 0.2 mL/kg/min (distance) + 3.5 mL/kg/min (time).
Hamilton Depression Scale (HAM-D) was used to measure depressive symptoms. [23] It is composed of 17 items. It mainly focuses on the somatic and behavioral aspects of depression, but also measures vegetative, cognitive and anxiety symptoms. The overall score is calculated by adding the scores of each item, and ranges between 0 and 54: very severe >23, severe 19-22, moderate 14-18, mild 8-13, and normal 0-7. Internal consistency showed an alpha coefficient of 0.89 for the total items of HAM-D.
The FIQ was used to measure the overall impact of FM. The reliability and validity of this scale have been performed by Rivera. [17] Internal consistency showed an alpha coefficient of 0.82 for the total items of FIQ. It is composed of 10 rating subscales scored between 0 and 10: functional impairment, overall well being (the number of days the patient felt well during the previous week), missing working days (the days of work absence), and seven subscales using a 10-cm-long VAS, on which the patient rates work difficulty, pain, fatigue, morning tiredness, stiffness, anxiety, and depression. The total score ranges from 0 to 100, being a higher values indicate greater impact of the disorder. [17] Procedure This randomized-controlled trial protocol was approved by the Ethics Committee of the International University of Catalunya (Spain) and registered by ISRCTN Registry (registration number: ISRCTN17382522; http://doi.org/10.1186/ ISRCTN17382522). The study was conducted in accordance with the principles of the Declaration of Helsinki. A written informed consent was obtained from each participant.
Initially, an interview was applied to all patients, followed by questionnaires and a physical test. All physical-aerobic exercises were conducted on the same day. The random allocation sequence was generated by the investigators. The participants were assigned to either the treatment or control group using the sealed envelope method.
The characteristics of the SPRI program (in the pool-based and land-based environments) were created by physiotherapists and professionals in Sport Science and Physical Education. The recommendations of the ACSM for exercise testing and prescription were considered. The program duration was 20 weeks with two 50-min sessions each week.
The structure of the SPRI program was divided into four stages: (i) warm-up, (ii) main aerobic exercise, (iii) soft stretching, and (iv) relaxation. The content of each stage was similar in both environments, with the activities and exercises adapted to the particular environment. The first two sessions were not similar as the pool-based program started out with an adaptation phase where the patient became familiar with being in water and became conscious of her posture in this medium.
In the warm-up stage, each session began with a 10-min warm-up which consisted of activities based primarily on walking (slower or faster). The participants were asked to walk sideways or backwards, to change their pace, or to pass a ball between them while walking, etc. The main exercise was the most important part of the SPRI program, and consisted of a mix of activities based on aerobic exercise, proprioception, balance, and breathing. The principal of progressive load increase was taken into consideration, and the patients never attained high intensity workloads. This period lasted approximately 25 min. Stretching and relaxation was carried out in the end of the exercise period and performed for 10 min, focusing on the muscles most used.
Statistical analysis
Statistical analysis was performed using the IBM SPSS for Windows version 21.0 software (IBM Corp., Armonk, NY, USA). Normality of distribution was analyzed using the Kolmogorov-Smirnov test, showing a non-normal distribution of variables. Descriptive data were expressed in mean and standard deviation (SD). Coefficient Cronbach's alpha for all composite variables were lower than the acceptance reliability value of 0.80 (α=0.66). The comparison of means with independent variables using the Mann-Whitney U test and the test for repeated measures using the Wilcoxon test (paired samples) were carried out. The dependent variables in this study were as follows: self-perceived pain, perceived fatigue, aerobic capacity, depressive symptoms, and overall impact of FM. The independent variables included SPIR in the pool-based environment and SPIR in the land-based environment. A specific statistical analysis was performed to calculate the sample size minimum needed for the analysis. Considering a statistical power of 80%, a type I error or alpha of 0.05 and effect size of 0.8 of all dependent variables, a minimum sample size of 52 subjects was needed. The sample size was calculated according to the recommendations reported in the study of HaijanTelaki. [24] The magnitude of the differences between pre-and post-tests of active and control groups were calculated using the effect size. [25] This effect size was calculated using the formula d = (Mpost -Mpre)/ SDpooled, where Mpost is the mean for the post-test and Mpre is the mean for the pre-test, and SDpooled is the pooled SD of the measurements. It has been recommended that effect size should be corrected for the magnitude of the sample size of each study. [26] The effect size can be interpreted as small (0.2<d<0.5), medium (0.5<d<0.8) or large (0.8<d). A p value of less than 0.05 was considered statistically significant.
RESULTS
Of a total of 73 patients with FM, the mean age was 48.2±6.8 (range, 30 to 59) years and the mean BMI was 27.67±5.27 kg/m 2 . Table 1 shows the sociodemographic and clinical characteristics of the patients included in the SPRI program. There was no significant difference in the demographic and clinical characteristics among the patients.
With regard to the dependent variables of the study, several differences were found between the preand post-tests of the SPRI-P and the SPRI-L groups ( Table 2 ). For self-perceived pain, in the SPRI-P, there was a reduction in post-test values compared to pretest (p<0.01). In the SPRI-L the scores were similar in the pre-test and the post-test. For perceived fatigue, there was also a reduction in post-test scores compared to pre-test (p<0.05), although no similar reduction was found in the SPRI-L. For the aerobic capacity, VO2, as well as distance achieved were measured. For both variables there was no improvement in the SPRI-P (p>0.05), while there was an increase in post-test scores in the SPRI-L for VO2, as well as for meters run (p<0.05). As far as depressive symptoms, there was a considerable improvement found in both programs (SPRI-P and SPRI-L) with reduced symptoms p<0.001). Finally, for overall impact of FM there was a reduction in the SPRI-P (p<0.05); however, in the SPRI-L the FIQ scores were higher, indicating an increase in the overall impact (p<0.01). According to the effect size, self-perceived pain and depressive symptoms in the SPRI-P were interpreted as medium, whereas the depressive symptoms in the SPRI-L were interpreted as medium. 
DISCUSSION
In the present study, we evaluated the effects (i.e., self-perceived pain, perceived fatigue, aerobic capacity, depressive symptoms and the overall impact of FM) of a SPRI in pool-based and land-based environments in women with FM.
A reduction in self-perceived pain was observed in post-test results consistent with other studies carried out in the pool-based environment with female patients suffering from FM, [27, 28] which confirm that physical exercise programs conducted in this environment are beneficial for self-perceived pain in patients with similar characteristics. Nevertheless, in the SPRI-L group we observed a slight increase in the self-perceived pain (p>0.05). This is also consistent with similar studies conducted in a traditional landbased environment using aerobic exercise, strength building, and stretching in the same manner as in our study. [27, 29] Cazzola et al. [30] showed that, when designing a physical exercise program for patients with FM, it was critical that the determination of workload does not aggravate self-perceived pain after exercise. In designing of the present physical-combined program, selected exercises were from low to moderate intensity. This proved to be adequate for the SPRI-P group, but not for the SPRI-L group.
The pool-based environment, with its characteristics of buoyancy (which reduces the effects of gravity), resistance of water (which reduces impact on joints, muscles and tendons), and the relaxing effect water has on muscles, prevent possible post-exercise pain and foster the benefits produced by the training session. [31] Along these lines, several studies have assessed the effects on pain for patients with FM in both environments, showing greater benefits attained in the pool-based group. [32] This difference between the groups was also observed with perceived fatigue, namely, the poolbased group showed an improvement in scores. These results correspond with a study of female participants with FM in a 12-week pool-based aerobic exercise program. [33] However, despite the fact that the mildto-moderate intensity of the exercises was adequate in both environments, no improvement was found in the SPRI-L group, consistent with a previous study. [14] In the present study, we found an increase in aerobic capacity in both groups (pool-based and land-based environments), although in the pool-based group these results were not significant. Previous studies have also shown similar significant improvements in the aerobic capacity. [29, 34] Although the period of intervention was shorter (five months) for our program, compared to the study of Tomas-Carus et al. [34] (eight months), we still found an improvement in the aerobic capacity. The benefits obtained in the aerobic capacity in the land-based environment may be related to physiological responses, given that the moderate exertion exercised in this environment presupposes greater oxygen consumption than for the pool-based environment. [34] Moreover, some studies have demonstrated an improvement in the aerobic capacity. [29, 31, 33] Based on these findings, it is possible to conclude that educational programs based on strategies for coping with FM symptoms should be implemented.
In our study, the results obtained for depressive symptoms showed an improvement in patients in both SPRI-P and SPRI-L groups, similar to previous findings reported in the literature. [32, 33, 35] Patients with FM tend to like working in the pool-based environment. This results in more active participation, which encourages a disconnection from daily problems and explains the reduction in depressive symptoms found in patients with FM. [36] Finally, the FIQ is a widely used tool in studies of the effect of physical exercise programs on patients with FM. In our study, a reduction in the FIQ scores in the SPRI-P group was observed, consistent with the findings of López-Rodriguez et al. [37] whose programs of intervention were based on Biodanza and Tai Chi respectively. Previously, similar results were obtained with programs in the pool-based environment. [33] On the other hand, the increase seen in the FIQ scores in the SPRI-L group is consistent with a study of a 15-week program of sessions consisting of Nordic walking and stretching, [21] although other studies have shown a reduction in the FIQ. [37, 38] These differences may be due to sampling differences. Specifically, the patients in our study showed high levels of perceived fatigue, a VO2max slightly below values indicating physical inactivity, and a BMI corresponding to overweight. In this context, the patients who participated in the SPRI-L group had an extra handicap. As the landbased environment implies a greater impact on the performance of physical exercise, it together with work overload due to being overweight and having a low aerobic capacity, might have caused an increase in the perceived pain. This, in turn, would result in less active participation which could explain the negative results found in our study in terms of the overall impact of FM on the SPRI-L group.
Nonetheless, there are some limitations to this study. First, the study included only female patients and, therefore, it is difficult to generalize the findings to the overall population. Second, our participants were volunteers, which could have affected the representativeness of the study sample. Therefore, this might have induced possible differences across the two groups.
In conclusion, our study results demonstrate that the SPRI program produces improvements in clinical manifestations in patients with FM with reduced physical symptoms (self-perceived pain, perceived fatigue) and increased functional capacity (aerobic capacity), as well as decreased associated symptoms (depressive). However, it must be taken into account that these improvements may vary according to the environment in which the program is performed (pool-based or land-based). Based on our study findings, we conclude that SPRI-P program is more effective, yielding a reduction in the overall impact of FM on these patients.
